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ABSTRACT.. A column of u n it  cross section of tho Fg region extending  from the 
“b o ttom ” to  tho height o f its m axim um  electron density  is d ivided in to  four nolumns of equal 
length. Moan produotion ra te  in  each of the columns is calculated. F or th is  purpose, d iu rnal 
va ria tio n  of tho to ta l num ber of electrons in  each of the columns and tho height varia tion  
of the a ttachm en t coefficient suggested by  RatclifFo et al (1950) are utilised.
T his m ethod of com putation  leads to a regular consistent d iurnal v aria tion  of the electron 
produotion ra te  w ith  a  single peak a t  about half an hour before noon tim e and elim inates 
the anom alous results tl ia t are sonietinies obtained when other m ethods of com putation  are 
em ployed.
I N T R O D U C T I O N
The electron production rate q{h) in the F2 region of the ionosphere at any 
height h may be calculated from the equation :
60
g (7 » )= (1)
where N{h) is the electron density and K{h) is the loss coefficient at the height 
/fc, the value of k depending upon the electron loss process is I or 2.
One may also consider the mean production rate q. This computation (Datta, 
1957) is based on the diurnal variation of the total number of electrons n in a 
column of unit cross section from the “bottom” to the height of maximum electron 
density. The equation utilised is
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whore a is the mean recombination coefficient and 7/^ 1 is the layer semithickness.
For parabolic distribution of electron density a =  1.2 and under equilibrium 
conditions q =  yy q^ where and qr^ , are the recombination coefficient and 
electron production rate at the height of maximum electron density.
To determine q{h) from Eq. (1) one-assumes either a fixed value of tho loss 
coefficient or its symmetrical diurnal variation. When calculations are made
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with the latter assumption the g{h) values so determined show necessarily diurnal 
symmetry having anomalous midday dip and sometimes zero, even negative 
values. This happens  ^ in particular, at the maximum electron density height 
due to the well-known midday “bite out” in the diurnal variation of maximum 
electron density in the F 2 region. Both the calculations, namely, that assuming 
symmetrical diurnal variation and that with a fixed value of the loss coefficient 
are aifected by the bodily movement of the layer as a whole and by dilution and 
contraction of the layer due to thermal changes and electronic drift.
When computations are made from the diurnal variation of n utilising Bq. (2) 
the anomalous negative and zero values of the electron production rate obtained 
at the height of maximum electron density height, disappear. The anomaly of 
middy dip in the diurnal variation of the production rate, however, x^ ersists though 
less markedly. The method also minimises the effects of dilution and/of contrac­
tion of the layer duo to thermal changes and electronic drift on the i prod notion 
rate computation. However, it does not give any information about production 
rate variations at different parts of the Fg region. \
In the method of analysis, as presented in this paper, a column of unit cross 
section extending from the “bottom” to the height of maximum electron density 
is divided into four columns of equal length and mean electron production rate 
in each of the columns is computed from the diurnal variation of the total number 
of electrons in each of the columns. Effects of layer movement as a whole, and 
layer contractions and dilution due to thermal changes and electronic drift are 
then minimised, since the computations are from the total number of pleotrons 
in unit column in some definite fraction of the layer thickness, irrespective of 
the total layer thickness and the layer height. The data actually used for 
computation for the Fg region were those of Slough : mean hourly values of 
N{h) at a series of heights for the month of January, 1950, on international quiet 
days computed by Schmerling and Thomas (1956). For the height variation 
of the attachment coefficient that suggested by Ratcliffe et al. from night time 
observations over Slough, Watheroo and Huancayo, was utilisod. “Tables of 
Fg-layer Electron Density on International Qiiiet Days” were obtained from 
Radio Group, Cavendish Laboratory, Cambridge, England.
It is proposed to make a similar analysis in a subsequent paper for the Fg 
region over Haringhata when the work, already in progress in this laboratory 
for the determination of the distribution of electros in “mean quiet Fj-layer” 
and a model for the height variation of the loss coefficient over Haringhata, is 
completed.
T E E  M E T H O D
A column of unit cross section extending from the “bottom” of the F2 region 
to the height of maximum electron density is divided into a number of columns
Production Rate in F2 Region of the Ionosphere 4 8 5
of equal length. Let % be the total number of electrons in the rth unit column 
—the first column being the lowest one. Then
n, =  j  S{h) ■ dh -  (3)
where T  is the thickness of the layer from the “bottom” {h^  F.^ ) to the height 
of maximum electron density (hf^F )^ when height is measured from the bottom 
of the layer and x is the number of equal unit columns. It is to be noted that the 
total number of electrons n in'"the unit column extending from the “bottom” 
to the maximum electron density height is given by
I =  I N{h) ■dk =  ' ^ i (4 )
In case of a parabolic region, it can be shown that
»i, =  ^ [ 1 ^  {1+3 (*-r)o+3 (*-r)) ] ■ T J\T„ ... (5)
where T  is the semi-thickness of the parabolic region and N„t is the maximum 
electron density.
The diurnal variation of is governed by the equation
dnr =  Qr — L f . . .  (6)
where Q, is the total production rate and L , is the total loss rate in the column 
considered and they are given by
T • ■*'  X
Q, =  I # )  dJi
(»-l) I
... (7)
and L , =  f K{h) . N\h)dh 
(r  -  l ) ^
... (8)
k =  l  when the electron decay process is attachment type. 
And h =  2 when the electron decay process is recombination type.
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If  qf bo the mean electron production rate in the rth column, then
(9)
Thus from the diurnal variation of Uf and the values of Lr, Qf [from (6)] 
and hence the moan rate of production qf [from (9)] can be computed.
Values of Uf and L f may be calculated by numerical integration utilising 
Eqs. (3) and (8). These computations obviously require knowledge of the height 
variation of the loss coefficient K{h), height distribution of electron density 
N {J h ) and the electron decay process.
R E S U J . . T S
Kecent work of E/atcliffe e^  al. indicates that the electron decay /process in 
the ^-region above 240 Km is of the attachment type. From night time observa­
tions (Ratoliffe 1956) over Slough, Huancayo and Watheroo they conWude that 
the attachment coefficient K {Ji)  at a height h  between 250 Km and 350 Km is 
given by \
(10)K{h) =  10-^ • exp ( j sec.-'
For our purpose, Eq. (10) is extrapolated to a height of 200 Km as shown in 
figure 1.
Fig. 1 . V aria tion  of the a ttach m en t coeffioiont w ith  height.
A column of unit cross section from the bottom to the height of maximum 
electron density in the Fg region is divided into four columns of equal length. 
From the ‘‘Tables of Fg-layer electron density on international quiet days” , 
height distribution of electron density for every hour was drawn and total number 
of electrons in each of the four columns was calculated by Simpson’s rule for 
numerical integration. The diurnal variation of the total number of electrons 
in a column of unit cross section from the bottom to the height of maximum
electron density is shown in figure 2. figure 3 shows the diui'nal variation of the 
numbers n-j, and of electrons in the 1st, 2nd, 3rd and 4th columns respec- 
tively when taken in order from the bottom.
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Fig. 2. Diurnftl variation  of tho to ta l num ber of electrona in  a  column of u n it 
oxtendm g from tho bottom  to  the heiglit of maxim um  electron density.
cross section
I'ig . 3. D iurnal varia tion  of the  num ber of electrons n j, n.i, and in  tho 1 st, 2 nd, 3rd 
, and 4th columns respectively when taken  in  order from  tho bottom .
Hourly values of the loss rate in each column were also calculated by numerical 
integration utilising Eqn, (8) by Simpson’s rule. K{h) values given by (10) 
Were used for the purpose.
To obtain half hourly values of for each of the columns, a linear change
between the hourly values of Uf was assumed. For each column, mean of the two 
hourly values of Lj. was taken as the half hourly value between the two hours. 
Thus half hourly values of mean production rate in each column were calculated 
from Eqs. (6) and (9). The diurnal variations of mean production rates jg, 
g'a d*nd $4 in the 1st, 2nd, 3rd and 4th column respectively are shown in figure 4.
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Fig , 4. D iu rnal varia tio n  of m ean production  ra te  gj, q^, and  q  ^ in  the  1st, 2nd, 3rd and 
4-th columns respectively w hen taken  in  order from  th e  bottom .
The production rate ^ of the electrons in a column of unit cross section from 
the bottom to the height of maximum electron density height is given by
Q =  “1^  (S'l +  ?2+?3+?'4) (11)
Figure 6 shows that diurnal variation of the prouction rate Q. Figure 6 shows 
the diurnal variation of the mean electron production rate QjT in the Fg-region. 
For comparison the value of Q from the hypothesi§„of Bradbury (1938) for the 
formation of the Fg-layer, may be calculated as follows.
I f  a gas of constant scale height H  is ionized by a monochromatic radiation, 
then the value of q{h), when the solar zenithal angle is Xt ^ given by the 
expression due to Chapman (1931a)
q{h) =  Jo exp (1—Z —e”'* sec x) (12)
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5. D ivm a l varia tio n  of eleotroii 
p roduction  rato  Q in  a  colum n of u n it 
cross section  ex tend ing  from  the 
b o ttom  to  the heigh t of m axim um  
electron density .
Kig. 6 . D iurnal v aria tion  of the m ean 
electron production  ra te  QjT in  tho
Half hourly values of electron production rato Q in a column of 
unit cross section entending from bottom of the F2 region 
to the maximum electron density height
TABLE I
H our Q x l 0-»
D. M. T. per om!i per sc
0630 13
0730 61
0830 106
0930 163
1030 141
1130 151
1230 151
1330 127
1430 86
1630 1 0 2
1630 86
1730 33
where Z =  and Hq is the height of maximum production rate 5q when
H
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Aocording to Bradbury, and Fg layers are both produced by the same 
ionization process with the height of peak production rate near the level of Fj 
layer peak and the Fg layer peak is formed due to the rapid decrease of the
electron loss rate above Fj layer. According to this hypothesis the value of Q 
in the Fg region when the solar zenithal angle is is given by
^m-^2
Q =  j  q{h)dh =  Hcos ;^{oxp sec;\;)— exp(l—e-^>sec;^)} ... (13)
V 2
where jy  -
and
H
According to Ratcliifo et a l
Qo =  280 (1 + 1.4  X 10-2/0 cm-3 . sec-i 
where R — monthly average relative Zurich sunspot number.
(14)
For the month of January 1950 (^ — 100) at Slough, the value of Q at noon 
from the expression (13) is found to be lOtfxlO’ cm”® sec."  ^ while the value of 
Q at noon shown in Table I is 1 5 1 x 1 0 ’ cm."® sec.-^
C O N C L U S T O N
Diurnal variations of mean electron production rate in different parts of the 
Fg region, when computed by taking account of the height variation of attach­
ment coefficient suggested by E-atcliffe et al. show quite consistent results. The 
mean production rates have all maximum near about 1130 hr. Unlike other 
methods of electron production rate computation, this method does not 
lead to anomalous value or midday dip in the diurnal variation.
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